Interneuron Deficit Associates Attenuated Network Synchronization to Mismatch of Energy Supply and Demand in Aging Mouse Brains.
Higher cognitive functions depend critically on synchronized network activity in the gamma range (30-100 Hz), which results from activity of fast-spiking parvalbumin-positive (PV) interneurons. Here, we examined synaptic activity in the gamma band in relation to PV interneuron activity, stimulation-induced calcium activity in neurons and astrocytes, and cerebral blood flow and oxygen responses in the somatosensory cortex of young adult and old adult mice in vivo using electrical whisker pad stimulation. Gamma activity was reduced in old adult mice, and associated with reduced calcium activity of PV interneurons, whereas the overall responses of neurons and astrocytes were unchanged. Hemodynamic responses were highly correlated to the power of synaptic activity in both young adult and old adult mice, but the hemodynamic response amplitude attained was lower in old adult mice. In comparison, the work-dependent rise in O2 use, that is, the rise in the cerebral metabolic rate of oxygen (CMRO2) evoked by excitatory postsynaptic currents almost doubled in old adult mice. We conclude that PV interneuron function and gamma activity are particularly affected in old adult mice. Alterations in neurovascular coupling and CMRO2 responses may contribute to increased frailty and risk of cognitive decline in aged brains.